Abstract--Some ceramic materials for high temperature applications are partially transparent for radiative transfer. The refractive indices of these materials can be substantially greater than one which influences internal radiative emission and reflections. Heat transfer behavior of single and laminated layers has been obtained in the literature by numerical solutions of the radiative transfer equations coupled with heat conduction and heating al the boundaries by convection and radiation. Two-flux and diffusion methods are investigated here to obtain approximate solutions using a simpler formulation than required for exact numerical solutions. Isotropic scattering is included. The two-flux method for a single layer yields excellent results for gray and two band spectral calculations. The diffusion method yields a good approximalion for spectral behavior in laminated multiple layers if the overall oplical thickness is larger than about ten. A hybrid spectral rnodcl is developed using Ihe two-flux method in the optically thin bands, and radiative diffusion in bands that are optically thick.
The two-flux equations including scattering are given in ref.
[5] as,
The blackbody spectral flux in equation (3) contains the square of the refractive index and is given by _kdd-j'"
The three equations (3). (4) and (6). subject to proper boundary conditions, are to be solved for qr(
x). G(x) and T(x).
Equation (4) is integrated over all v and the integral of q,., over v is eliminated by using equation (6). The resulting equation is integrated over x to yield
where CON is an integration constant. Evaluating equation (7) at x = 0 and D relates the boundary values of Tand G to the values of q,,, and CON
Equation (3) integrated with respect to x will be used later in the form,
where Gh is a function of x as it depends on the local
T(x).
Botmdarv comfitions. and internal radiation. This yields at x = 0 and D.
At each and q,.,(D),
G,.(D)=41--P°o
I+p' I _p--_q,.r2+2__p-,q,.,(D).
(13b)
By using equations (8) and (1 l a), and equations (9) and ( 
I:
The equations for multiple spectral bands follow quite readily from the preceeding relations and from relations for a gray layer (one spectral band). The gray relations are now given in dimensionless form using quantities defined in the Nomenclature.
Two-flux equations :
Energy equation :
Equations for G(0) and (7(D) :
Equations for CON and _,,,, : (17) p. ll51,
-(n-'+ I)01"--I) I-(n"+ I)(n*-1) 2
x In (n) (n = ndn,).
Equation (22) is for reflection of radiation incident on a material of higher refractive index where n, and n_ are the 'higher" and "smaller' n values (the incident radiation is from within the material with n,). After allowing for energy incident at angles larger than the critical angle for total reflection, the p(n) for diffuse radiation going in the direction from a higher to a smaller refractive index material is found from [9], 
GS(O)
Similar relations are written from equation (19b) for GS(I) and (7L(I). Equation (21) for _,,,, now contains a contribution from each of the two bands,
,_.,.= H, _+ 3U_,,S+ 3-N_:;L -
This also occurs in the temperature relation equation
Equation (16) for the radiative flux is written for each band. For the band with short frequencies. 
The quantity in the integral can be expressed in terms of the blackbody fraction F(v/coT),
The total energy transfer by radiation and conduction is then given by, 
By integrating equation (35) and putting it in dimensionless form the temperature distribution becomes
as compared with equation (26) using the two flux method for both spectral bands. Since t(X) in equation (36) added to the internal radiation in the optically thin band (large v) which is obtained from the two-flux method,
q,,,i = (I -,o°){qS_, -a T(O)4FS[T(O)]} +h,[T_t-T(O)]+qL,(O). (37a)
Similarly
+h2[T(O)-Ts,.]+qLr(O ). (37b)
From equation (36) in dimensional form evaluated atx=0and D,
I

T(D)'FS[T(D)I-_[-bGL(O). (38b) 3KsD
Combine equations (37a) and (38a) to eliminate the 
+ 3NK,_s t(1)'FS[t( I)]
+(l + H'-)[qLr(O)+(I-p '') x [gISt, -t(O)_FS[t(O)]]} -OL,(I) + (1 -p")
× [qS_'_,-t(I)'FS[t(I)]]
I.
The t_,,,, can be obtained from from either equation (37) or (38b).
Solution method.
The iterative solution starts by assuming (_L(X), t(O) and t(D). The (_L(0) is found from equation (24b) and similarly for GL(I). The ¢iLr(X) is normalized according to the two-flux equation (17) so that 3K,,LJ'_Lr(X) dX = GL(0)-dL(I). Then GL(X) is found from equation
(17) as
The CON is obtained from equation (39) is applied between this _L,(X) and the _L,(X) that was used to start the iteration. The effect of large scattering, f_ = 0.9, in Fig. 3(b) is for the same n and K,_ values as in Fig. 3(a) . For the same tq) a layer with f_ = 0.9 has 10% of the absorption as for f_ = 0. For these conditions the two- 
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